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Energy s p e c t r a  and a b s o l u t e  y i e l d s  of neut rons  
from a  t h i c k  copper t a r g e t  bombarded by 270 MeV 3 ~ e  
p a r t i c l e s  have been measured. I n fo rma t ion  about 
a b so rp t i on  of n eu t rons  has a l s o  been obta ined  wi th  t h e  
u s e  of a  shadow bar.  The r e s u l t s  of t h e s e  measurements 
a r e  import a n t  f o r  e s t i m a t i n g  t h e  neut ron  background 
which is produced i n  t h e  f o c a l  p l ane  of t h e  K=600 
magnet ic  spec t rog raph  when t h e  3 ~ e  beam h i t s  an 
i n t e r n a l  Faraday cup i n s i d e  t h e  spec t rog raph  i n  t h e  
( 3 ~ e , t )  r e a c t i o n  a t  0'. 
Beams of 1 t o  3  na, pu l s e - s e l ec t ed  1:2 ( p e r i o d  
TIME OF FLIGHT (CHANNELS) 
63 n sec )  were d i r e c t e d  on to  a  t h i c k  Cu viewer l o c a t e d  F igu re  1. Two-dimensional con tou r  p l o t  ( l o g a r i t h m i c )  
of p u l s e  h e i g h t  ve r su s  time-of-f l i g h t .  
i n  beam l i n e  5. An NE102 p l a s t i c  s c i n t i l l a t o r ,  
2.5 x 2.5 x  5.1 cm3, s e rved  a s  neut ron  d e t e c t o r .  It Combining t h e  pulse-he ight  and t ime-of - f l igh t  
was mounted a t  a  d i s t a n c e  of 196 cm and a t  an  ang l e  of c a l i b r a t i o n s  w i th  s c i n t i l l a t o r  e f f i c i e n c y  c a l c u l a t i o n s  
19" w i th  r e s p e c t  t o  t h e  beam. A t h i n  cha rged -pa r t i c l e  u s i n g  t h e  program of C e c i l ,  Anderson and ~ a d e ~ l  makes 
v e t o  s c i n t i l l a t o r  i n  f r o n t  of t h e  neut ron  d e t e c t o r  was i t  p o s s i b l e  t o  c o n s t r u c t  c o n s i s t e n t  a b s o l u t e  neu t ron  
used  t o  e l i m i n a t e  even t s  t r i g g e r e d  by high-energy s p e c t r a .  The t ime-independent background must be 
charged p a r t i c l e s .  The p u l s e  h e i g h t  c a l i b r a t i o n  of t h e  e l i m i n a t e d  w i th  a p p r o p r i a t e  so f twa re  pulse-he ight  
d e t e c t o r  used t h e  known convers ion  between e l e c t r o n  t h r e sho ld s .  The expe r imen t a l  c e u t r o n  spec t rum s o  
energy  and p ro t on  energy1 and t h e  l o c a t i o n  of t h e  ob t a ined  i s  shown i n  Fig.  2  i n  u n i t s  of neu t rons /  
Compton edges2 f o r  2 2 ~ a ,  1 3 7 ~ s  and 2 2 8 ~ h .  A t y p i c a l  (MeV . s r . i nc iden t  p a r t i c l e ) .  
two-dimensional spec t rum of p u l s e  h e i g h t  ve r su s  time- The spec t rum d i s p l a y s  a  low-energy p l a t e a u  of 
o f - f l i g h t  is d i sp l ayed  i n  Fig.  1. Prompt gamma r ays  about  2  x  n ( ~ e ~ ) ' l ( s r ) - l ( ~ ~ e ) - ~  ex t end ing  t o  about  
from t h e  t a r g e t  appear  i n  channel  940. P u l s e - s e l e c t i o n  70 MeV, fo l lowed by an  e s s e n t i a l l y  e x p o n e n t i a l  f a l l o f f  
leak-through from t h e  i n t e r m e d i a t e  beam bi l r s t  about 32 ove r  t h r e e  o r d e r s  of magnitude. Also  shown i n  F ig .  2  
n sec  a f t e r  t h e  main b u r s t  is s een  near  channel  100. i s  a  c a l c u l a t e d  spec t rum ob t a ined  by assuming 
Time-uncorrelated background a t  low p u l s e  h e i g h t s  is p r o j e c t i l e  f ragmenta t ion .3  The shape  of t h e  
due t o  ( n , n ) ,  ( n , n l )  and ( n , n l y )  r e a c t i o n s  i n  t h e  w a l l s  expe r imen t a l  spec t rum above 80 MeV is e x c e p t i o n a l l y  
and t h e  f l o o r .  w e l l  reproduced ,  but  t h e  c a l c u l a t i o n s  o v e r p r e d i c t  t h e  
l o c a t e d  3.4 m from t h e  low-resolu t ion  e x i t  po r t .  The 
MeV 
- 
- 
NEUTRON ENERGY (MeV) 
F i g u r e  2. Experimental  and c a l c u l a t e d  neu t ron  y i e l d  a t  
0 = 19O from a t h i c k  Cu t a r g e t  bombarded by 270 MeV 3 ~ e  
p a r t i c l e s .  
y i e l d  by a f a c t o r  of two and do not  comple te ly  
reproduce  t h e  low-energy p l a t e a u  region .  Neutron 
s p e c t r a  from 160, 200 and 450 MeV p ro tons  stopped i n  
t h i c k  t a r g e t s  a l s o  d i s p l a y  low-energy p l a t e a u  
r eg ions  .4 * I n t e r e s t i n g l y ,  t h e  neut ron  y i e l d  from 3He 
p a r t i c l e s  of 270 MeV and p ro tons  of about . 
270 x 0.4 = 110 MeV have s i m i l a r  neu t ron  y i e l d s .  
An i n t e r n a l  Faraday cup t o  be used f o r  t h e  K = 600 
spec t rog raph  i n  ( % e , t )  measurements a t  O 0  w i l l  be 
f o c a l  p lane  d e t e c t o r  i s  sh i e lded  by 1.6 m of Fe from 
t h e  neut rons  emi t t ed  from t h e  beam s t o p  a t  19O wi th  
r e s p e c t  t o  t h e  3 ~ e  beam d i r e c t i o n .  Using t h e  
procedures  of Ref. 3 t o  e s t i m a t e  t h e  abso rp t i on  i n  Fe 
and t h e  s c i n t i l l a t o r  e f f i c i e n c y  of Ref. 1 l e a d s  t o  a 
neu t ron  background r a t e  i n  t h e  f o c a l  p lane  
s c i n t i l l a t o r s  of a few even t s  pe r  second f o r  a 200 MeV 
3 ~ e  beam of 100 na.  However, t h i s  e s t i m a t e  i s  probably 
t o o  low, and r a t e s  of a few 100 coun t s / s ec  a r e  more 
r e a l i s t i c .  Shadow ba r  measurements which were in tended 
t o  t e s t  t h e  abso rp t i on  c a l c u l a t i o n s  a r e  not  f u l l y  
unders tood y e t  and a r e  l i k e l y  t o  r e q u i r e  a mod i f i ca t i on  
o f  t h e  procedures  of Ref. 3. The assumption t h a t  t h e  
e f f e c t i v e  removal c r o s s  s e c t i o n  i s  about 50% of t h e  
t o t a l  c r o s s  s e c t i o n 6  seems t o  g ive  a reasonable  
a t t e n u a t i o n  l eng th  i n  Fe of about 20 cm. 
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